Supplementary Figure 6 | Soft X-ray Absorption characterization. L III peaks of Co (a), Mn (b) L-edge and O K-edge (c) spectra. The shoulders on the lower-energy side of Co L-edge L III peaks spectra (a) are due to Co 2p-3d electrostatic interaction and the crystal field of tetrahedral symmetry 1,2 , indicating that the cobalt ions preferably occupy the tetrahedral sites. The increasing shoulders pointed by dot line in Mn L-edge L III peaks (b) suggest decreased Mn average valence 1 , in agreement with Mn K-edge spectra. The O K-edge peaks (c) at 531 eV of c-CoMn, c-Co 2 Mn, t-CoMn and t-Co 2 Mn shift towards higher energy region as compared with c-CoMn 2 and t-CoMn 2 . This demonstrates that, in the crystal lattice of c-CoMn 2 and t-CoMn 2 , fewer cobalt ions are present at octahedral sites 3 , in agreement with XRD refined results. Moreover, peak at 533 eV in O K-edge (c) reveals the hybridization state of metal 3dz 2 and external O species π* orbits 3,4 . Particularly, c-CoMn 2 and t-CoMn 2 with moderate peak intensity among the cubic and tetragonal series balance the rate-limiting steps of O 2 2-/OHdisplacement and OHregeneration on the surface of transition-metal ions during ORR, thus displaying the highest ORR catalytic capability (see electrochemical results), in accordance with previous report 5 .
and tetragonal (c, d) spinels with three compositions upon heating from 25 C to 1260 C and cooling from 1260 C to 100 C in air flow. Heating/cooling rate: 10 C min -1 . The slow mass loss before 250 C is caused by the removal of water and hydroxy groups probably adsorbed on the surface of the oxide particles. The continuous mass loss in TG curves from 250 C to 800 C is ascribed to the gradual removal of oxygen, while the progressive reduction from Mn 4+ and Co 3+ to Mn 3+ and Co 2+ occurs 6, 7 . Of particulate note, the mass loss of cubic series oxides within this temperature range is larger than that of the corresponding tetragonal phase with same composition, suggesting more Mn 4+ contained in cubic spinels and thus confirming their higher Mn valence values than those of tetragonal oxides. From 800 C up to the limit temperature (1260 C), the rapid mass loss around 1000 C was assigned to the formation of rock-salt-type manganese cobalt oxides along with O 2 evolution 7 . Upon cooling, a partly reversibly mass gain takes place, which is considerably smaller than the mass loss due to the formation of CoO. whereas that of tetragonal intermediate is between Mn(III) and Mn(II).
Supplementary Figure 11 | Nitrogen adsorption and desorption isotherms measured at 77 K. The
Brunauer-Emmett-Teller (BET) surface areas of current spinel samples are much larger than those of cubic and tetragonal spinel particles prepared through conventional high-temperature method 9 . In addition, the corresponding pore size distribution (inset) determined by the Barrett-Joyner-Halenda (BJH) shows the pore diameter centered below 20 nm, verifying the porous structure. 
where I k , I and I d are the kinetic, measured and diffusion-limiting current densities, respectively.
Supplementary Note 6. Calculation of turnover frequency (TOF).
The TOF value is determined from equations 6 and 7 (Ref where I k is the measured kinetic current density at overpotential of 430 mV and is determined according to equation 5, A is the electrode area, N s and N is the number of active surface and total metal atoms on the electrode, D is the surface average dispersion (ratio of atoms on the surface to the total number of atoms in the particles), v and s represent the average volume and area per metal atom in unit cell respectively, and n i is the frequency of appearance of particle of size d i . The calculated D values are around 7.2%, 8.3%, 8.7%, 7.5%, 6.4% and 6.7% for c-CoMn 2 , c-CoMn, c-Co 2 Mn, t-CoMn 2 , t-CoMn and t-Co 2 Mn, respectively. The obtained TOF values are rough estimate and represent the lower limit, because some of these metal sites are electrochemically unaccessible. The calculated ORR TOF values in this case are comparable with previous reported ORR electrocatalysts 32 .
assembled with lithium anode, glass fibre separator, and electrolyte of 1.0 M LiTFSI (lithium bis(trifluoromethane) sulfonamide) in TEGDME (tetraethylene glycol dimethyl ether).
Synthesis of other spinels. Four representative Co and Mn-based spinel oxides have been successfully synthesized using the similar oxidation-precipitation and crystallization route described in this study. 
